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SDUWLVORZWKHUHDORSHUDWLQJVSHHGWHQGVWREHKLJKHU7KLVKDSSHQVEHFDXVHRIDQDYDLODEOHUHPDLQLQJODWHUDOIULFWLRQ
(FKDYHJXUHQHWDO
([SHUWV E\ XVDJH RI WUDQVSRUW WUDVRORJ\ NQRZOHGJH DQDO\]H WKH FKDUDFWHULVWLFV RI WLUHPDUNV DQG FODVVLI\ WKHLU
EHORQJLQJQHVV WRXQGHUVWDQGYHKLFOHEHKDYLRUEHIRUHDFFLGHQW7KHUHIRUH WLUHPDUNV LGHQWLILFDWLRQ LVDQ LPSRUWDQW
LVVXHLQDFFLGHQWVFHQHEHFDXVHLWUHVXOWVWKHFKRLFHRIYHKLFOHVSHHGFDOFXODWLRQPHWKRGRORJ\
7LUHPDUNVDUHDJHQHUDOFODVVLILFDWLRQHQFRPSDVVLQJVXFKWKLQJVDV\DZPDUNVWLUHSULQWVUXEEHUWUDQVIHUVNLG
PDUN7LUHPDUNVUHTXLUHXQGHUVWDQGLQJWKHUHODWLRQEHWZHHQWKHWLUHDQGWKHYHKLFOHUHJDUGLQJWRWKHVXUIDFHRIFRQWDFW
DQGLWVW\SH7KHWLUHPDUNVFDQEHDVVRUWHGDVVKRZQLQ)LJ


)LJ7LUHPDUNW\SHVDQGWKHLUFODVVLILFDWLRQ6HLSHO
$VHULHVRIH[SHULPHQWVKDYHEHHQFDUULHGRXWWRILQGRXWWKHLQIOXHQFHRIYHKLFOHHOHFWURQLFVWDELOLW\SURJUDP(63
RQFDOFXODWLRQRIVSHHGIURPWKHFXUYDWXUHRI WKHWLUHPDUNV7KHSUHVVXUHV LQYHKLFOHEUDNHV\VWHPDQGWLUHPDUN
UDGLXVZHUHPHDVXUHGEXWQRHIIHFWRQWKHYDOLGLW\RIFDOFXODWLRQZDVIRXQG/DPERXUQHWDO+RZHYHULWZDV
FRQILUPHGWKDWWKHXVHRIWKHVOLGLQJFRHIILFLHQWRIIULFWLRQPD\OHDGWRWRRORZDVSHHGEHHQFDOFXODWHGDQGWKDWLW
ZRXOGEHPRUHDSSURSULDWHWRXVHWKHSHDNFRHIILFLHQWRIIULFWLRQ
7KHGDWDLQSURWRFRORIDFFLGHQWVFHQHWLUHPDUNVFXUYHPHDVXUHPHQWVOHQJWKDQGHWFDUHIL[HGVFKHPDWLFDQGLW
LVGLIILFXOWWRPDNHH[SHUWLVHUHVHDUFKLQULJKWZD\RQO\IURPLW)RUH[DPSOHWLUH\DZPDUNVVKRZQLQSURWRFRODUH
GHOLQHDWHGVFKHPDWLFDQGWKHUHDOOHQJWKDQGWKHFXUYDWXUHRIWLUHPDUNVDUHXQNQRZQ
7KH PHWKRG RI WULDQJXODWLRQ LV XVHG WR PHDVXUH DFFLGHQW VFHQH DUHD E\ VSOLWWLQJ PHDVXUHG DUHDV LQWR NQRZQ
GLPHQVLRQWULDQJOHV7KLVDQDO\VLVOHWVWRLGHQWLI\UHTXLUHGJHRPHWULFDOGDWD$FFLGHQW«2QWKHRWKHUKDQG
WKLVPHWKRGLVQRWYHU\LQQRYDWLYHDQGWDNHVDORWRIWLPH
7KHPRVWLPSRUWDQWHYLGHQFHLVSK\VLFDOHYLGHQFHLQWKHIRUPRISKRWRVDQGPHDVXUHPHQWVRIWKHDFFLGHQWVFHQH
7KHSROLFHRIILFHURULQYHVWLJDWRUVIL[DOODFFLGHQWVFHQHGDWDWLUHPDUNVVPLWKHUHHQVDQGRWKHUREMHFWVLQVFKHPHRI
URDGDFFLGHQWSURWRFRO
.QRZLQJWKHHQGRIXVHRISKRWRJUDSKVWDNHQE\SROLFHRIILFHURULQYHVWLJDWRUDWDFFLGHQWVFHQHLVLPSRUWDQWPDWWHUWR
DYRLGHUURUVLQDFFLGHQWLQYHVWLJDWLRQ)XUWKHUPRUHLWLVDOZD\VPRUHXVHIXOWRSURGXFHDIHZZHOOSODQQHGJRRGTXDOLW\
SKRWRJUDSKVLQVWHDGRIGR]HQVLPDJHVLQYDULRXVSRVLWLRQV7KHVXLWDELOLW\RIDFFLGHQWLPDJHGDWDLVWKHNH\IDFWRUIRU
JHWWLQJDQDGGLWLRQDOLQIRUPDWLRQGXULQJIXUWKHUDQDO\VLVGRQHE\H[SHUWLQYHVWLJDWRU1HZWHFKQRORJLHVRILPDJHGDWD
DQDO\VLVOLNHWLUHPDUNDQDO\VLVURDGSDYHPHQWIULFWLRQGHWHUPLQDWLRQVOLSLQWHQVLW\DUHSURSRVHGLQRUGHUWRLPSURYHWKH
SURFHVVRIDFFLGHQWHYLGHQFHVXVDJH)UDVHUHWDO'X HWDO
7KHGHWHUPLQDWLRQRISDUDPHWHUVRIUHFWLOLQHDUEUDNLQJPDUNVE\XVLQJGLJLWDOLPDJHWUDQVIRUPDWLRQPHWKRGWDNHV
WKUHHPLQXWHVIRURQHLPDJHDQGLWLV±WLPHVOHVVFRPSDULQJZLWKPDQXDOWUDQVIRUPDWLRQPHWKRG:DQJDQG/LQ

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,Q WKLVSDSHU WKHGHSHQGHQFHRI LQFRUUHFW WLUHPDUNPHDVXUHPHQW WR VSHHGFDOFXODWLRQHUURUV LVSUHVHQWHG7KH
SULQFLSOHRISKRWRJUDPPHWU\PHWKRGIRUPRUHDFFXUDWHGHWHUPLQDWLRQRIUDGLXVRIYHKLFOHVOLSWUDMHFWRU\LVVXJJHVWHG
([SHULPHQWDOUHVHDUFK
6WHSVWHHUPDQHXYHUZDVSHUIRUPHGWRDQDO\]HWKHXQFHUWDLQWLHVRIYHKLFOHVSHHGFDOFXODWLRQIURPWLUH\DZPDUNV
,QSUDFWLFH\DZPDUNVDUHOHIWE\YHKLFOHZKHQLWLVLQDWXUQLQJPRWLRQDQGWKHVSHHGLVWRRJUHDWWRPDLQWDLQWKH
SURSRVHGFLUFXODUSDWK7KHIULFWLRQIRUFHLVLQVXIILFLHQWWRZLWKVWDQGWKHDFWLQJFHQWULSHWDOIRUFH
(QFORVHGDUHDZLWKGU\DVSKDOWSDYHPHQWDQGOLJKWSDVVHQJHUYHKLFOHZHUHVHOHFWHGIRUH[SHULPHQWVCorrevit S-
350 AquaVHH)LJDQGLQHUWLDPHDVXUHPHQWVHQVRUZLWKWULD[LDOUDWHJ\URDQGDFFHOHURPHWHURICorrsys-Datron
ZHUHXVHGIRUPHDVXUHPHQWRIYHKLFOHVSHHGVLGHVOLSDQJOH\DZUDWHDQGODWHUDODFFHOHUDWLRQ7KHVHDUH WKHPDLQ
SDUDPHWHUVREMHFWLYHO\GHILQLQJYHKLFOH¶VVWHHULQJDQGVWDELOLW\'ǌGơQDLWơHWDO*OREDOSRVLWLRQLQJV\VWHP
*36PRGXOHRIRace TechnologyZDVXVHGWRLGHQWLI\YHKLFOHSRVLWLRQVSHHGDQGLQVWDQWDQHRXVFRUQHULQJUDGLXV
VHH)LJ

 
 )LJ0HDVXUHPHQWRIYHKLFOHVSHHGDQGVLGHVOLSDQJOH )LJ'ULYLQJWUDMHFWRULHVGXULQJH[SHULPHQW
'XULQJPDQHXYHUWKHERG\\DZUDWHULVHVJUHDWHUWKDQGHJUHHVSHUVHFRQGDQGVLGHVOLSDQJOHUHDFKHVGHJUHHV
VHH)LJ&RPSDULQJYHKLFOHVSHHGIURPWLUH\DZPDUNVZLWKPHDVXUHGVSHHGWKH\DZLQJVXSHUSRVLWLRQVKRXOGEH
HVWLPDWHG5HFDOFXODWLRQRIVSHHGIURPVHQVRUWRVSHHGLQZKHHOSRVLWLRQ
    bvavv ysensorxsensorw \\     
ZKHUHvsensor, x, y±FRPSRQHQWVRIPHDVXUHGVSHHG\ ±YHKLFOH\DZUDWHa b±GLVWDQFHVIURPVHQVRUPRXQWHGRQWKH
YHKLFOHURRIFHQWHUWRIURQWOHIWZKHHOLQODWHUDODQGORQJLWXGLQDOGLUHFWLRQVUHVSHFWLYHO\
)RU VSHHG GHWHUPLQDWLRQ WKH UDGLXV R RI \DZ PDUN WUDMHFWRU\ VKRXOG E\ HVWDEOLVKHG 7KH SROLFH RIILFHU RU
LQYHVWLJDWRUDWDFFLGHQWVFHQHPHDVXUHVWKHOHQJWKRI\DZPDUNFKRUGDQGLWVPLGGOHRUGLQDWH)LJD$FFRUGLQJWR
WKHVHJHRPHWULFDOSDUDPHWHUVWKHVSHHGLVFDOFXODWHGE\XVLQJHTXDWLRQ'¶2QRIULRDQG+RZDUWKäXUDXOLV HWDO

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
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
)LJ9HKLFOHERG\VLGHVOLSDQJOHDQG\DZUDWHGXULQJPDQHXYHU
7KHUDGLXVRRIWLUH\DZPDUNWUDMHFWRU\
H
HSR

    
ZKHUHS±FKRUGRIWLUH\DZPDUNH±PLGGOHRUGLQDWHRI\DZPDUN
(UURUVRIVSHHGGHWHUPLQDWLRQ
$FFRUGLQJWRWUDMHFWRU\FKDQJHWKHVHJPHQWDWLRQRIDOOWLUHPDUNOHQJWKVKRXOGEHGRQHVHH)LJ
+RZHYHU VHJPHQWDWLRQ UHTXLUHPHQW LV RIWHQ LJQRUHG E\ WKH SROLFH RIILFHU RU LQYHVWLJDWRU WKHUHIRUH HUURUV RI
GHWHUPLQDWLRQRIWLUHPDUNVWUDMHFWRU\UDGLXVRFFXUV
7KHXVDJHRIORQJHUFKRUGVHJPHQWFDXVHVWKHLQFUHDVHRIHUURUV$VVKRZQLQ)LJHUURUVGHFUHDVHXVLQJVPDOOHU
SDUWRIFKRUGEXWLWVWLOOGRHVQRWDFKLHYHWKHUHOHYDQWWROHUDQFHRIDGPLVVLEOHLQIRUHQVLFUHVHDUFK
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8VDJHRISKRWRJUDPPHWU\
7KHSKRWRJUDPPHWULFPHWKRGVDUHXVHGWRWUDQVIRUPSKRWRVLQSODQDUDQGGHWHUPLQHWKHUHDOSRVLWLRQDQGW\SHRI
WLUHPDUNV3ODQDUSKRWRJUDPPHWU\XVXDOO\XVHGIRUURDGDFFLGHQWUHFRQVWUXFWLRQGHDOVZLWKUHFRQVWUXFWLQJVLWXDWLRQV
PDSSHGLQSODQH,Q)LJWKHVWHSVIRUUDGLXVGHWHUPLQDWLRQXVLQJSKRWRJUDPPHWU\DUHVKRZQ


)LJ3URFHGXUHRIUDGLXVGHWHUPLQDWLRQXVLQJSKRWRJUDPPHWU\
D±SULPDU\LPDJHRIWLUHPDUNVE±SODQDULPDJHUHFWLILFDWLRQF±DUFILWWLQJIRUUDGLXVGHWHUPLQDWLRQ
7KHSRLQWVVKRXOGEHPDUNHGRQWKHURDGDQGWKHGLVWDQFHVEHWZHHQWKHVHSRLQWVVKRXOGEHQRWHG$VVKRZQLQ)LJ
EWKHIRXUSRLQWVRQWKHURDGDUHPDUNHGZKLFKDUHWKHFRUQHUVRIWKHVTXDUH7KHSRVLWLRQVKRXOGEHUHODWLYHWR
FRQVWDQWUHIHUHQFHSRLQWVQH[WLWLVQHFHVVDU\WRPHDVXUHWKHOHQJWKVRIDOOWKHVLGHVDQGGLDJRQDOV3URJUDPVVXFKDV
3&5HFWRURWKHUVRIWZDUHRIPDWKHPDWLFDOFDOFXODWLRQVOHWWRWUDQVIRUPWKHLPDJHRIDFFLGHQWVFHQH
$IWHU SODQDU LPDJLQH UHFWLILFDWLRQ WKH UHDO YLHZ RI WLUH PDUN WUDMHFWRU\ LV REWDLQHG )XUWKHUPRUH WKH
V\QFKURQL]DWLRQRILPDJHVFDOHLVLPSRUWDQW)URPVXFKLPDJHWKHUDGLXVRIWLUHPDUNWUDMHFWRU\LVLQGHQWLILFDWHGDV
DFFXUDWHDVLWDOORZVWKHUHVROXWLRQDQGTXDOLW\RILPDJH7KHSURSHUWLHVRIGUDZQJUDSKLFDOHOHPHQWVDUFLQ3&&UDVK
HQDEOH WR YHULI\ WKH YDOXHV RI WUDMHFWRU\ UDGLXV )LJF +DYLQJ SULPDU\ UDGLXV RI WUDMHFWRU\ WKH FULWLFDO VSHHG
FDOFXODWLRQHTXDWLRQFRXOGEHXVHG


)LJ5HGXFWLRQRIHUURUVYDOXHVIRUVSHHGGHWHUPLQDWLRQDIWHUXVDJHRILPDJHSKRWRJUDPPHWU\
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$FFRUGLQJ WR UHVHDUFK UHVXOWV LW LV GHWHUPLQHG WKDW WKHYHKLFOH VSHHGFRXOGEH DFFXUDWHO\GHWHUPLQHGXVLQJ WKH
VKRUWHVWFKRUGOHQJWK8VLQJWKHSKRWRJUDPPHWULFPHWKRGVIRUWKHSDUDPHWHUVRIWLUHPDUNVGHWHUPLQDWLRQDQGDQDO\VLV
WKH FKRUGV LQ SHUFHQWDJHV SDUWV REWDLQ WKH UHOHYDQW WROHUDQFHV RI VSHHG FDOFXODWLRQ HUURUV ,Q DGGLWLRQ WKH VSHHG
FDOFXODWLRQHUURUVGHFUHDVHEXWWKHFKDQJHRIHUURUVLVWKHVDPHDVXVLQJWKHPHWKRGRIGLUHFWWLUHPDUNVPHDVXUHPHQW
)LJ
7KHFRPSDULVRQDQDO\VLVRIVSHHGYDOXHVXVLQJSKRWRJUDPPHWU\ZLWKGLUHFWWLUHPDUNVPHDVXUHPHQWPHWKRGZKLFK
XVXDOO\XVHGLWLVVWDWHGWKDWWKHHUURUVE\XVLQJSKRWRJUDPPHWU\GHFUHDVHIURPWRDFFRUGLQJWRWKHFKRUGOHQJWK
DQGWKLVJLYHVPRUHDFFXUDWHFDOFXODWLRQUHVXOWV
8VDJHRISKRWRJUDPPHWULFDQDO\VLVOHWVWRDYRLGPHDVXUHPHQWVHUURUVDQGWRHYDOXDWHUHDOJHRPHWULFGDWDIURP
DFFLGHQWVFHQHREMHFWLYHO\
&RQFOXVLRQV
%HFDXVHRIVSHFLILFDQGFRPSOLFDWHGFRQGLWLRQVLQDFFLGHQWVFHQHWKHPHDVXUHPHQWRIHYLGHQFHVIL[HGE\SROLFH
RIILFHURUDFFLGHQWLQYHVWLJDWRULVYHU\LPSRUWDQWDQGKDYHDJUHDWLQIOXHQFHRQWKHILQDOUHVXOWRIH[SHUWLVHUHVHDUFK
7LUHPDUNVLGHQWLILFDWLRQLVDQLPSRUWDQWLVVXHLQWUDIILFDFFLGHQWVFHQHEHFDXVHLWILUVWO\UHVXOWVWKHFKRLFHRIYHKLFOH
VSHHGFDOFXODWLRQPHWKRGRORJ\6SHHGIURPWLUH\DZPDUNVFRXOGEHFDOFXODWHGVLPSO\DQGWKHWROHUDQFHRI\DZPDUN
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